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Combining the recent developments of the observations of Ω sates we calculate the Ω spectrum up to the
N = 2 shell within a nonrelativistic constituent quark potential model. Furthermore, the strong and radiative
decay properties for the Ω resonances within the N = 2 shell are evaluated by using the masses and wave
functions obtained from the potential model. It is found that the newly observed Ω(2012) resonance is most
likely to be the spin-parity JP = 3/2− 1P-wave state Ω(12P3/2− ), it also has a large potential to be observed
in the Ω(1672)γ channel. Our calculation shows that the 1P-, 1D-, and 2S -wave Ω baryons have a relatively
narrow decay width of less than 50 MeV. Based on the obtained decay properties and mass spectrum, we further
suggest optimum channels and mass regions to find the missing Ω resonances via the strong and/or radiative
decay processes.
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I. INTRODUCTION
Searching for the missing baryon resonances and under-
standing the baryon spectrum are important topics in hadron
physics. Our knowledge about theΩ hyperon spectrum is very
poor compared with the other light baryon spectra. Only a few
data on the Ω resonances have been reported in experiments
since the discovery of the ground state Ω(1672) at BNL in
1964 [1]. Before 2018, except for the ground state Ω(1672)
only threeΩ resonancesΩ(2250),Ω(2380) andΩ(2470) were
listed in the Review of Particle Physics (RPP) [2]. Due to
the slow development in experiments, most of the theoretical
studies are limited in the calculations of the mass spectrum
of the Ω baryon with various methods, such as the Skyrme
model [3], the relativistic quark models [4–6], the nonrela-
tivistic quark model [7–12], the lattice gauge theory [13, 14],
and so on.
Fortunately, the Belle II experiments can offer a great op-
portunity for our study of the Ω spectrum. In 2018, the
Belle Collaboration reported a new resonance denoted by
Ω(2012) [15], a candidate of excited Ω state decaying into
Ξ0K− and Ξ−K0s with a mass of
M = 2012.4 ± 0.7(stat.) ± 0.6(syst.) MeV,
and a width of
Γ = 6.4+2.5−2.0(stat.) ± 0.6(syst.) MeV.
According to the calculations of the Ω mass spectrum in the
various models [4–12], the Ω(2012) resonance may be a good
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candidate for the first orbital excitations of Ω baryon. Stim-
ulated by the newly observed Ω(2012), by using a simple
harmonic oscillator (SHO) wave functions, the strong de-
cay properties of the Ω spectrum up to the N = 2 shell
were studied within the chiral quark model [16] and quark
pair creation model [17], respectively. The results show that
Ω(2012) could be assigned to the spin-parity JP = 3/2−
1P-wave Ω state, which is supported by the QCD Sum rule
analysis in Refs. [18, 19], and the flavor SU(3) analysis
in Ref. [20]. There also exist other interpretations, such
as hadronic molecule state, of the newly observed Ω(2012)
state in the literature. Considering the mass of Ω(2012) is
very close to Ξ(1530)K threshold, the authors in Refs. [21–
23] interpreted Ω(2012) as the S -wave Ξ(1530)K hadronic
molecule state with quantum number JP = 3/2−. In the
Ref. [24], Ω(2012) is assumed to be a dynamically generated
state with spin parity JP = 3/2− from the coupled channel
S -wave interactions of K¯Ξ(1530) and ηΩ. Very recently, the
Belle Collaboration searched for the three-body decay of the
Ω(2012) baryon to KπΞ [25]. No significant Ω(2012) signals
have been observed in the studied channels. The experimental
result strongly disfavors the molecular interpretation [25].
In this work, we further study the Ω spectrum. First, com-
bining the recent developments of the observations of Ω sates
in experiments at Belle we calculate the mass spectrum up to
the N = 2 shell within a nonrelativistic constituent quark po-
tential model. Then, by using the masses and wave functions
calculated from the potential model, we give our predictions
of the strong and radiative decay properties for the Ω reso-
nances. The strong decay properties for the P- and D-wave
states predicted with the realistic wave functions of the poten-
tial model are compatible with the results obtained with the
SHO wave functions in Ref. [16]. The strong decays of the
2S -wave states show some sensitivities to the details of the
wave functions, the strong decay properties of these 2S -wave
states predicted in present work have some differences from
those calculated with the SHO wave functions. The Ω(2012)
resonance is most likely to be the spin-parity JP = 3/2− 1P-
2wave state Ω(12P3/2−). Both the mass and decay properties
predicted in theory are consistent with the observations. The
Ω(2012) state may be observed in the radiative decay channel
Ω(1672)γ as well. Furthermore, based on the obtained decay
properties and mass spectrum, we suggest optimum channels
and mass regions to find the missing 1P-, 1D-, and 2S -wave
Ω resonances in the strong and/or radiative decay processes.
This paper is organized as follows. In Sec. II, we study
the mass spectrum of the Ω baryon in the nonrelativistic con-
stituent quark potential model. Then, in Sec. III, we give a
review of the decay models, and calculate the strong and ra-
diative decays of the excitedΩ states by using the masses and
wave functions obtained from the potential model. In Sec. IV,
we give our discussions based on the obtained decay proper-
ties and masses of the Ω resonances. Finally, a summary is
given in Sec. V.
II. MASS SPECTRUM
A. Hamiltonian
To calculate the spectrum of the Ω baryon, we adopt the
following nonrelativistic Hamiltonian
H = (
3∑
i=1
mi + Ti) − TG +
∑
i< j
Vi j(ri j) +C0, (1)
where mi and Ti stand for the constituent quark mass and
kinetic energy of the i-th quark, respectively; TG stands for
the center-of-mass (c.m.) kinetic energy of the baryon sys-
tem; ri j ≡ |ri − r j| is the distance between the i-th quark and
j-th quark; zero point energy C0 is a constant, and Vi j(ri j)
stands for the effective potential between the i-th and j-th
quark. In this work, we adopt a widely used potential form
for Vi j(ri j) [26–35], i.e.
Vi j(ri j) = V
con f
i j
(ri j) + V
sd
i j (ri j) , (2)
where V
con f
i j
stands for the potential for confinement, and is
adopted the standard Coulomb+linear scalar form:
V
con f
i j
(ri j) =
b
2
ri j − 2
3
αs
ri j
, (3)
while V sd
i j
(ri j) stands for the spin-dependent interaction, which
is the sum of the spin-spin contact hyperfine potential VS S
i j
, the
tensor term VT
i j
, and the spin-orbit term VLS
i j
V sdi j = V
S S
i j + V
T
i j + V
LS
i j . (4)
The spin-spin potential VS S
i j
and the tensor term VT
i j
are
adopted the often used forms:
VS Si j = −
2αs
3
−
π
2
·
σ3
i j
e−σ
2
i j
r2
i j
π3/2
· 16
3mim j
(Si · S j)
 , (5)
VTi j =
2αs
3
· 1
mim jr
3
i j
{
3(Si · ri j)(S j · ri j)
r2
i j
− Si · S j
}
. (6)
In this work, a simplified phenomenological spin-orbit poten-
tial is adopted the same form as that suggested in the litera-
ture [12, 36], i.e.,
VLSi j =
αSO
ρ2 + λ2
· L · S
3(m1 + m2 + m3)2
. (7)
In the above equations, the parameter b denotes the strength
of the confinement potential. The Si, S and L are the spin
operator of the i-th quark, the total spin of the baryon and the
total orbital angular momentum of the baryon, respectively.
B. Wave functions in the SU(6)×O(3) symmetry limit
The total wave function of a baryon system should include
four parts: a color wave function ζ, a flavor wave function φ,
a spin wave function χ, and a spatial wave function ψ. The
color wave function ζ should be a color singlet under SU(3)
symmetry, one can explicitly express it as
ζ =
1√
6
(rgb − rbg + gbr − grb + brg − bgr). (8)
For a light baryon system, the flavor wave function φ and the
spin wave function χ together form an SU(6) symmetry. The
SU(6) spin-flavor wave functions can be found in the litera-
ture [37]. Without a spin-dependent interaction in the Hamil-
tonian for three-body systems, the total orbital angular mo-
mentum L and the total spin S are conserved. The total an-
gular momentum of the baryon is J = L + S, and thus the
spatial wave functions possess O(3) symmetry under a rota-
tion transformation. Meanwhile, the Hamiltonian for a three-
quark system can be invariant under the permutation group
S 3. One thus can express the spatial wave functions as repre-
sentations of the S 3 group. To consider the S 3 symmetry, one
can express the three coordinates r1, r2, and r3 with the Jacobi
coordinates R, ρ and λ by the following transformation,
ρ ≡ 1√
2
(r1 − r2), (9)
λ ≡
√
2
3
(m1r1 + m2r2
m1 + m2
− r3
)
, (10)
R ≡
√
3(m1r1 + m2r2 + m3r3)
m1 + m2 + m3
. (11)
The symmetric coordinate R describes the usual center of
mass motion, and two mixed coordinates ρ and λ describe the
internal motions which are antisymmetric and symmetric un-
der the exchange of quark 1 and 2. The corresponding spatial
wave function ψ may be generally written as
ψ(r1, r2, r3) = e
iPR·RψσNLML (ρ, λ) (12)
where ψσ
NLML
(ρ, λ) is the spatial wave function, which can be
determined by solving the Schro¨dinger equation;σ = s, ρ, λ, a
denotes the representation of the S 3 group.
3TABLE I: The masses (MeV) of Ω baryons with principal quantum number N ≤ 2. For comparison, the experimental measured masses [2, 15]
and the theory predictions [3, 5–8, 12, 13] are also listed. Recently, the quantum number of the resonances Ω(2012) [15] and Ω(2250) [2]
are not determined. According the Ref. [16, 17], we think the resonances Ω(2012) and Ω(2250) as state Ω(12P3/2− ) and state Ω(1
4D5/2+ ),
respectively.
n2S+1LJP |N6,2S+1 N3, N, L, JP〉 Ours Exp. Ref. [3] Ref. [5] Ref. [6] Ref. [7] Ref. [8] Ref. [12] Ref. [13]
14S 3
2
+ |56,4 10, 0, 0, 3
2
+〉 1672 1672.45 [2] 1694 1635 1678 1675 1673 1656 1642(17)
12P 1
2
− |70,2 10, 1, 1, 1
2
−〉 1957 · · · 1837 1950 1941 2020 2015 1923 1944(56)
12P 3
2
− |70,2 10, 1, 1, 3
2
−〉 2012 2012.4 [15] 1978 2000 2038 2020 2015 1953 2049(32)
22S 1
2
+ |70,2 10, 2, 0, 1
2
+〉 2232 · · · 2140 2220 2301 2190 2182 2191 2350(63)
24S 3
2
+ |56,4 10, 2, 0, 3
2
+〉 2159 · · · · · · 2165 2173 2065 2078 2170 · · ·
12D 3
2
+ |70,2 10, 2, 2, 3
2
+〉 2245 · · · 2282 2345 2304 2265 2263 2194 2470(49)
12D 5
2
+ |70,2 10, 2, 2, 5
2
+〉 2303 · · · · · · 2345 2401 2265 2260 2210 · · ·
14D 1
2
+ |56,4 10, 2, 2, 1
2
+〉 2141 · · · 2140 2255 2301 2210 2202 2175 2481(51)
14D 3
2
+ |56,4 10, 2, 2, 3
2
+〉 2188 · · · 2282 2280 2304 2215 2208 2182 2470(49)
14D 5
2
+ |56,4 10, 2, 2, 5
2
+〉 2252 2252 [2] · · · 2280 2401 2225 2224 2178 · · ·
14D 7
2
+ |56,4 10, 2, 2, 7
2
+〉 2321 · · · · · · 2295 2332 2210 2205 2183 · · ·
The states in the SU(6)×O(3) representation up to N = 2
shell are given in Table I. We denote the baryon states as
|N6,2S+1 N3, N, L, JP〉, where N6 stands for the irreducible rep-
resentation of spin-flavor SU(6) group, N3 stands for the irre-
ducible representation of flavor SU(3) group, and N, S , L, and
JP stand for the principal, spin, total orbital angular momen-
tum, and spin-parity quantum numbers, respectively. More
details about the SU(6)×O(3) wave functions can found in
Ref. [37].
C. Numerical calculation
1. Trial spatial wave functions
To obtain spatial wave functions and the masses for ev-
ery Ω states in the SU(6)×O(3) representation, one need
solve the Schro¨dinger equation. The spatial wave function
ψσ
NLML
(ρ, λ) may be expressed as the linear combination of
ψnρ lρmρ(ρ)ψnλ lλmλ(λ):
ψσNLML (ρ, λ) =
∑
N=2(nρ+nλ)
+lρ+lλ
ML=mρ+mλ
C
nρlρmρ
nλlλmλ
[
ψnρ lρmρ(ρ)ψnλlλmλ(λ)
]σ
NLML
.(13)
The ρ- and λ-mode spatial wave functions ψnρlρmρ(ρ) and
ψnλlλmλ(λ) can be written with a unified form:
ψnξ lξmξ (ξ) = Rnξ lξ (ξ)Ylξmξ (ξˆ), (14)
where the Ylξmξ (ξˆ) is the spherical harmonic function. In the
above equations, lρ and lλ are the quantum numbers of the
relative orbital angular momenta lρ and lλ of the ρ- and λ-
mode oscillators, respectively, while L is the quantum number
of the total momentum L = lλ + lρ for the system. The nρ
and nλ are the principal quantum numbers of the ρ- and λ-
mode oscillators, respectively, and N = 2nρ + 2nλ + lρ + lλ.
The coefficients C
nρlρmρ
nλlλmλ
and explicit forms of the spatial wave
function ψσ
NLML
(ρ, λ) up to the N = 2 shell have been given in
Table II.
The radial wave function Rnξ lξ (ξ) is adopted a trial form by
expanding with a series of harmonic oscillator functions:
Rnξ lξ (ξ) =
n∑
ℓ=1
Cξℓ φnξ lξ (dξℓ, ξ), (15)
where
φnξ lξ (dξℓ, ξ) =
(
1
dξℓ
) 3
2
[
2
lξ+2−nξ (2lξ+2nξ+1)!!√
πnξ ![(2lξ+1)!!]2
] 1
2 (
ξ
dξℓ
)lξ
×e−
1
2
(
ξ
dξℓ
)2
F
(
−nξ, lξ + 32 ,
(
ξ
dξℓ
)2)
. (16)
The F
(
−nξ, lξ + 32 ,
(
ξ
dξℓ
)2)
is the confluent hypergeometric
function. The parameter dξℓ can be related to the harmonic
oscillator frequency ωξℓ with 1/d
2
ξℓ = Mξωξℓ. The reduced
masses Mρ,λ are defined by Mρ ≡ 2m1m2m1+m2 , Mλ ≡
3(m1+m2)m3
2(m1+m2+m3)
.
On the other hand, the harmonic oscillator frequency ωξℓ can
be related to the harmonic oscillator stiffness factor Kℓ with
ωξℓ =
√
3Kℓ/Mξ [37]. For a sss system, one has dρℓ = dλℓ =
dℓ = (3msKℓ)
−1/4, where ms stands for the constituent mass of
the strange quark. With this relation, the spatial wave function
ψσ
NLML
(ρ, λ) can be simply expanded as
ψσNLML (ρ, λ) =
∑
ℓ
CℓψσNLML (dℓ, ρ, λ), (17)
where ψσ
NLML
(dℓ, ρ, λ) stands for the trial harmonic oscillator
functions,
ψσNLML (dℓ, ρ, λ) =
∑
N=2nρ+2nλ+lρ+lλ
ML=mρ+mλ
C
nρ lρmρ
nλ lλmλ
[
φnρlρ (dℓ, ρ)φnλlλ(dℓ, λ)Ylρmρ (ρˆ)Ylλmλ(λˆ)
]σ
NLML
. (18)
42. Matrix elements
The problem of solving the Schro¨dinger equation is now
reduced to one of calculating the matrix elements Hαα =
〈α|H|α〉, where |α〉 stands for the total wave function
|N6,2S+1 N3, N, L, JP〉 for the Ω baryons. Omitting the color
and flavor wave functions, the total wave function |α〉 in the
L − S coupling scheme can be expressed as
|α〉 =
∑
MS +ML=M
〈LML; S MS |JM〉ψσNLML (ρ, λ)χσMS . (19)
With the Jacobi coordinates ρ and λ, the matrix elements Hαα
can be expressed as
Hαα = 3ms +C0 +
〈
α
∣∣∣∣∣∣∣
p2ρ
2mρ
+
p2λ
2mλ
∣∣∣∣∣∣∣α
〉
+
〈
α
∣∣∣∣∑
i< j
Vi j(ri j)
∣∣∣∣α〉,
(20)
where r12 =
√
2ρ, r13 =
√
(ρ2 +
√
3ρ · λ + 3λ2)/2, r23 =√
(ρ2 −
√
3ρ · λ + 3λ2)/2. Replacing p2ξ=ρ,λ with the opera-
tors − 1
ξ2
∂
∂ξ
(ξ2 ∂
∂ξ
) +
l(l+1)
ξ2
, the kinetic energy matrix elements
〈α| p
2
ρ
2mρ
+
p2λ
2mλ
|α〉 in Eq. (20) can be easily worked out in the
coordinate space.
Then some calculations of the matrix elements of the po-
tentials between quarks become themain task of present work.
Considering the permutation symmetry of the total wave func-
tion of the Ω baryons, we can obtain
〈
α
∣∣∣∣∑
i< j
Vi j(ri j)
∣∣∣∣α〉 = 3〈α|V12(r12)|α〉. (21)
Finally, we can therefore specialize our discussion to tech-
niques for calculating potential matrix elements of theV12(r12)
terms.
The matrix elements of confining potential V
con f
12
, and spin-
orbit potential VLS
12
can be directly worked out with the total
wave function |α〉 in the L − S coupling scheme. The calcula-
tions of the matrix elements of tensor potential VT
12
, and spin-
spin potential VS S
12
, are relatively complicated. We transform
|α〉 into the |β〉 = |(s12s3)S , (lρlλ)L, (nρnλ)N, JM〉 representa-
tion with the following relation:
|α〉 =
∑
i
ci|β〉i. (22)
The s12 is the quantum number of the spin angular momentum
S1 + S2. The coefficients ci and explicit quantum numbers of
theΩ states up to the N = 2 shell have been given in Table III.
Then with the Wigner-Eckart theorem, the matrix elements of
tensor potential VT
12
can worked out with the following for-
mula
〈
β′
∣∣∣∣∣∣
1
ρ3
(
3(S1 · ρ)(S2 · ρ)
ρ2
− S1 · S2
)∣∣∣∣∣∣β
〉
=
√
30
2
× (−1)J′+L′+L+lλ+ 32 ×
√
(2l′ρ + 1)(2lρ + 1)
×
√
(2L′ + 1)(2L + 1)(2S ′ + 1)(2S + 1)
×
{
s′
12
s′
12
2
S ′ S ′ 1
2
}{
S ′ L′ J′
L′ S ′ 2
} {
l′ρ l
′
ρ 2
L′ L′ lλ
} (
l′ρ 2 l
′
ρ
0 0 0
)
× 〈φn′ρl′ρ(ρ)φn′λl′λ(λ)|ρ−3|φnρlρ (ρ)φnλlλ(λ)〉
× δS ′
12
1δS 121δl′λ,lλδJ′JδM′M ,
(23)
and thematrix elements of spin-spin potentialVS S
12
can worked
out with the following formula
〈
β′
∣∣∣∣∣e−σ2ρ2(S1 · S2)
∣∣∣∣∣β
〉
=
3
2
× (−1)1+s′12 ×
{
1
2
1
2
s′
12
1
2
1
2
1
}
δl′
λ
lλδl′ρlρδJ′,JδM′ ,M
× 〈φn′ρl′ρ (ρ)φn′λl′λ(λ)|e−σ
2ρ2 |φnρlρ(ρ)φnλlλ(λ)〉.
(24)
TABLE II: The spatial functions ψσNLML (ρ, λ) as the linear combina-
tion of ψnρlρmρ (ρ)ψnλlλmλ (λ).
ψS
000
(ρ, λ) = ψ000(ρ)ψ000(λ)
ψ
ρ
11ML
(ρ, λ) = ψ01ML (ρ)ψ000(λ)
ψλ
11ML
(ρ, λ) = ψ000(ρ)ψ01ML (λ)
ψS
200
(ρ, λ) = 1√
2
[ψ100(ρ)ψ000(λ) + ψ000(ρ)ψ100(λ)]
ψλ
200
(ρ, λ) = 1√
2
[−ψ100(ρ)ψ000(λ) + ψ000(ρ)ψ100(λ)]
ψ
ρ
200
(ρ, λ)
= 1√
3
[ψ011(ρ)ψ01−1(λ) − ψ010(ρ)ψ010(λ) + ψ01−1(ρ)ψ011(λ)]
ψS
22ML
(ρ, λ) = 1√
2
[ψ02ML (ρ)ψ000(λ) + ψ000(ρ)ψ02ML (λ)]
ψλ
22ML
(ρ, λ) = 1√
2
[ψ02ML (ρ)ψ000(λ) − ψ000(ρ)ψ02ML (λ)]
ψ
ρ
222
(ρ, λ) = ψ011(ρ)ψ011(λ)
ψ
ρ
221
(ρ, λ) = 1√
2
[ψ010(ρ)ψ011(λ) + ψ011(ρ)ψ010(λ)]
ψ
ρ
220
(ρ, λ)
= 1√
6
[ψ01−1(ρ)ψ011(λ) + 2ψ010(ρ)ψ010(λ) + ψ011(ρ)ψ01−1(λ)]
ψ
ρ
22−1(ρ, λ) =
1√
2
[ψ01−1(ρ)ψ010(λ) + ψ010(ρ)ψ01−1(λ)]
ψ
ρ
22−2(ρ, λ) = ψ01−1(ρ)ψ01−1(λ)
3. results
In this work, we adopt the variation principle to solve
the Schro¨dinger equation. Following the method used in
Refs. [38, 39], the oscillator length dℓ are set to be
dℓ = d1a
ℓ−1 (ℓ = 1, ..., n), (25)
where n is the number of Gaussian functions, and a is the
ratio coefficient. There are three parameters {d1, dn, n} to be
determined through variation method. It is found that when
51600
1700
1800
1900
2000
2100
2200
2300
2400
22S
3/2+
3/2+
7/2+
5/2+
1/2+
5/2+
1/2+
3/2+
1/2 _
3/2 _K
12D14D24S12P
2245
2303
2141
2188
2252
2321
2232
2159
2012
1957
 
 
M
as
s 
(M
eV
)
1672
14S
JP=3/2+
K
FIG. 1: Mass spectrum of the Ω baryon with principal quantum number N ≤ 2 (solid lines) and their possible main decay channels (dashed
lines). The unit of mass is MeV.
we take d1 = 0.085 fm, dn = 3.399 fm, n = 15, we will obtain
stable solutions for the Ω baryons.
When all the matrix elements have been worked out, we can
solve the generalized matrix eigenvalue problem [39],
n∑
ℓ=1
n∑
ℓ′=1
(Hℓℓ′ − EℓNℓℓ′ )Cℓℓ′ = 0, (26)
where Hℓℓ′ ≡ 〈Ψ(d′ℓ)|H|Ψ(dℓ)〉 and Nℓℓ′ ≡ 〈Ψ(d′ℓ)|Ψ(dℓ)〉. The
function Ψ(dℓ) is given by
Ψ(dℓ) =
∑
ML+MS =M
〈LML, S MS |JM〉ψσNLML (dℓ, ρ, λ)χσMS . (27)
The physical state corresponds to the solution with a mini-
mum energy Em. By solving this generalized matrix eigen-
value problem, the masses of the Ω baryons and its spatial
wave functions can be determined.
It should be emphasized that there are six parameters ms,
αs, σss, b, αS O and C0 in the quark potential model. They
are determined by fitting the masses of four Ω resonances:
(i) The ground state Ω(1672) [2], which is well established
in experiments. (ii) The newly observed Ω(2012) resonance
at Belle [15], which is interpreted as the first orbital excited
state Ω(12P3/2−) [16, 17]. (iii) The other first orbital excited
state Ω(12P1/2−) whose mass is predicted to be ∼ 1950 MeV
within the Lattice QCD [13] and the relativized quark mod-
els [5, 6]. The measured ΞK invariant mass distributions from
Belle show that there is a weak enhancement around 1950
MeV [15], which may be a weak hint of JP = 1/2− state
Ω(12P1/2−). (iv) The Ω(2250) resonance listed in RPP [2]
which is assigned as theΩ(14D5/2+ ) state according to our pre-
vious studies [16]. The determined parameter set is listed in
Table IV.
The predicted masses of the Ω baryons up to N = 2 shell
have been given in Table I and also shown in Fig 1. For a com-
parison, some predictions from the other models are listed in
Table I as well. It is found that the masses of the first radially
excited states Ω(22S 1/2+) and Ω(2
4S 3/2+ ) obtained in present
work are compatible with the predictions in Refs. [5, 12],
however, the mass splitting between them ∆m ≃ 70 MeV
predicted in this work are obviously larger than the other
model predictions. The mass of the JP = 1/2+ D-wave
state Ω(14D1/2+), 2141 MeV, predicted in this work is close
to the predictions in Ref. [3, 12], however, our prediction is
about 60-160MeV lower than the those predicted in Refs. [5–
8]. The masses of the JP = 3/2+ D-wave states Ω(14D3/2+)
and Ω(12D3/2+) and their mass splitting ∆m ≃ 60 MeV pre-
dicted in this work are close to those predicted in Refs. [7, 8].
The masses of the JP = 5/2+ D-wave states Ω(14D5/2+ ) and
Ω(12D5/2+) and their mass splitting ∆m ≃ 50 MeV predicted
in this work are close to those predicted in Refs. [5, 7, 8].
The mass of the JP = 7/2+ D-wave state Ω(14D7/2+) is
close to those predictions in Refs. [5, 6], however, about
100 MeV higher than the predictions in Refs. [7, 8, 12]. Fi-
nally, it should be mentioned that if we consider a fairly large
mass splitting ∆ ≃ 50 MeV between the two 1P-wave states
Ω(12P3/2−) andΩ(1
2P1/2−) due to the spin-orbital interactions,
the mass splitting between two adjacent D-wave spin-quartet
states Ω(14DJ) and Ω(1
4DJ+1) might reach up to ∼ 50 − 70
MeV which is larger than the value ∼ 0 − 20 MeV predicted
in the literature [5–8, 12, 13].
6TABLE III: The quantum numbers of Ω baryons up to N = 2 shell.
n2S+1LJP ci s12 s3 S lρ lλ L nρ nλ N J
14S 3
2
+ 1 1 1/2 3/2 0 0 0 0 0 0 3/2
12P 1
2
−
√
1/2 1 1/2 1/2 0 1 1 0 0 1 1/2√
1/2 0 1/2 1/2 1 0 1 0 0 1 1/2
12P 3
2
−
√
1/2 1 1/2 1/2 0 1 1 0 0 1 3/2√
1/2 0 1/2 1/2 1 0 1 0 0 1 3/2
22S 1
2
+ −√1/4 1 1/2 1/2 0 0 0 1 0 2 1/2√
1/4 1 1/2 1/2 0 0 0 0 1 2 1/2√
1/2 0 1/2 1/2 1 1 0 0 0 2 1/2
24S 3
2
+
√
1/2 1 1/2 3/2 0 0 0 1 0 2 3/2√
1/2 1 1/2 3/2 0 0 0 0 1 2 3/2
12D 3
2
+
√
1/4 1 1/2 1/2 2 0 2 0 0 2 3/2
−√1/4 1 1/2 1/2 0 2 2 0 0 2 3/2√
1/2 0 1/2 1/2 1 1 2 0 0 2 3/2
12D 5
2
+
√
1/4 1 1/2 1/2 2 0 2 0 0 2 5/2
−√1/4 1 1/2 1/2 0 2 2 0 0 2 5/2√
1/2 0 1/2 1/2 1 1 2 0 0 2 5/2
14D 1
2
+
√
1/2 1 1/2 3/2 2 0 2 0 0 2 1/2√
1/2 1 1/2 3/2 0 2 2 0 0 2 1/2
14D 3
2
+
√
1/2 1 1/2 3/2 2 0 2 0 0 2 3/2√
1/2 1 1/2 3/2 0 2 2 0 0 2 3/2
14D 5
2
+
√
1/2 1 1/2 3/2 2 0 2 0 0 2 5/2√
1/2 1 1/2 3/2 0 2 2 0 0 2 5/2
14D 7
2
+
√
1/2 1 1/2 3/2 2 0 2 0 0 2 7/2√
1/2 1 1/2 3/2 0 2 2 0 0 2 7/2
TABLE IV: Quark model parameters used in this work.
ms (GeV) 0.600
αs 0.770
σss (GeV) 0.600
b (GeV2) 0.110
αS O (GeV) 1.900
C0 (GeV) -0.694
III. STRONG AND RADIATIVE DECAYS
A. Framework
1. strong decay
In the chiral quark model, the effective low energy quark-
pseudoscalar-meson coupling in the SU(3) flavor basis at tree
level is given by [40]
Hm =
∑
j
1
fm
ψ¯ jγµγ5ψ j~τ · ∂µ~φm, (28)
where fm stands for the pseudoscalar meson decay constant.
ψ j corresponds to the jth quark field in a baryon and φm de-
notes the pseudoscalar meson octet
φm =

1√
2
π0 + 1√
6
η π+ K+
π− − 1√
2
π0 + 1√
6
η K0
K− K¯0 −
√
2
3
η
 . (29)
To match the nonrelativistic baryon wave functions in the cal-
culations, we adopt a nonrelativistic form of Eq.( 28) for a
baryon decay process [41–43], i.e.,
Hnrm =
∑
j
{
ωm
E f + M f
σ j · P f + ωm
Ei + Mi
σ j · Pi
− σ j · q + ωm
2µq
σ j · P′j
}
I je
−iq·r j ,
(30)
where (Ei,Pi), (E f ,P f ) and (ωm, q) stand for the energy and
three-vector momentum of the initial baryon, final baryon and
meson, respectively; while Mi and M f stand for the mass
of the initial baryon and final baryon. We select the initial-
baryon-rest system in the calculations. Then, Pi = 0, Ei = Mi
and P f = −q. In the Eq. (30) σ j is the Pauli spin vec-
tor on the jth quark, and µq is a reduced mass expressed as
1/µq = 1/m j + 1/m
′
j
. P′
j
= P j − (m j/M)Pc.m. is the internal
momentum of the jth quark in the baryon rest frame. The
isospin operator I j associated with the pseudoscalar meson is
given by
I j =

a+
j
(u)a j(s) for K
−,
a+
j
(d)a j(s) for K¯
0,
1√
2
[a+
j
(u)a j(u) + a
+
j
(d)a j(d)] cos θ
−a+
j
(s)a j(s) sin θ for η.
(31)
where a+
j
(u, d, s) and a j(u, d, s) are the creation and annihila-
tion operator for the u, d, s quarks on jth quark, while θ is the
mixing angle of the η meson in the flavor basis. In this work
we adopt θ = 41.2◦ as that used in Ref. [44].
The decay amplitudes for a strong decay processB → B′M
can be calculated by
M[B → B′M] = 〈B′|Hnrm |B〉, (32)
where |B′〉 and |B〉 stand for the wave functions of the final
and initial baryon, respectively.
With the derived decay amplitudes, the partial decay width
for the B → B′M process is calculated by
Γm =
(
δ
fm
)2
(E f + M f )q
4πMi
1
2Ji + 1
∑
Jiz J f z
|MJizJ f z |2, (33)
where Jiz and J f z represent the third components of the to-
tal angular momenta of the initial and final baryons, respec-
tively. δ is a global parameter accounting for the strength of
the quark-meson couplings.
The relativistic effects become significant when momentum
q of final baryon increases. As done in the literature [45–
48], a commonly used Lorentz boost factor γ f ≡ M f /E f is
introduced into the decay amplitudes
M(q)→ γ fM(γ f q), (34)
7to partly remedy the inadequacy of the nonrelativistic wave
function as the momentum q increases. In most decays, the
sum of the masses of the final hadron states is not far away
from the mass of the initial state, the three momenta q carried
by the final states are relatively small, which means the non-
relativistic prescription is reasonable and corrections from the
Lorentz boost are not drastic.
2. radiative decay
The quark-photon EM coupling at the tree level is adopted
as
He = −
∑
j
e jψ¯ jγ
j
µA
µ(k, r j)ψ j. (35)
The photon field Aµ has three momentum k, and the con-
stituent quark ψ j carries a charge e j. While r j stands for the
coordinate of the jth quark.
In order to match the nonrelativistic wave functions of the
baryons, we should adopt the nonrelativistic form of Eq. (35)
in the calculations. Including the effects of the binding poten-
tial between quarks [49], for emitting a photon the nonrela-
tivistic expansion of He may be written as [42, 43, 50]
he ≃
∑
j
[
e jr j · ǫ −
e j
2m j
σ j · (ǫ × kˆ)
]
e−ik·r j , (36)
where m j and σ j stand for the constituent mass and Pauli spin
vector for the jth quark. The vector ǫ is the polarization vec-
tor of the photon. This nonrelativistic EM transition operator
has between widely applied to meson photoproduction reac-
tions [41–45, 51–57].
Then, the standard helicity transition amplitude Aλ be-
tween the initial baryon state |B〉 and the final baryon state
|B〉 can be calculated by
Aλ = −i
√
ωγ
2
〈B′|he|B〉. (37)
where ωγ is the photon energy.
Finally, one can calculate the EM decay width by
Γγ =
|k|2
π
2
2Ji + 1
M f
Mi
∑
J f z,Jiz
|AJ f z,Jiz |2, (38)
where Ji is the total angular momentum of an initial meson,
J f z and Jiz are the components of the total angular momenta
along the z axis of initial and final mesons,respectively.
TABLE V: The masses (MeV) of the final mesons and baryons.
Ξ0 Ξ− Ξ(1530)0 Ξ(1530)− K− K¯0 η
Mass 1315 1322 1532 1535 494 498 548
B. Parameters
In the calculation, the constituent quark masses for the
u, d, and s quarks are taken with mu = md = 350 MeV
and ms = 600 MeV. The masses of the Ω baryon states are
adopted the determinations by solving the Schro¨dinger equa-
tion in Sec.II. It should be mentioned that, we do not directly
adopt the numerical wave functions of Ω baryons calculated
by solving the Schro¨dinger equation. For simplicity, we first
fit them with a single Gaussian (SG) form by reproducing the
root-mean-square radius of the ρ-mode excitations. The de-
termined harmonic oscillator strength parameters, α, for cor-
respondingΩ baryons are listed in Table VI. It is found deter-
mined parameters α are very close to the value ∼ 400 MeV
often adopted for the SHO wave functions in the literature.
Furthermore, in the calculations of the strong decays, for
simplicity, the wave functions of Ξ and Ξ(1530) baryons
appearing in the final states are adopted the SHO form as
adopted in Ref. [37]. The harmonic oscillator strength pa-
rameter αρ for the ρ-oscillator in the spatial wave function
is taken as αρ = 400 MeV, while the parameter αλ for the λ-
oscillator is related to αρ with αλ =
4
√
3mu/(2ms + mu)αρ [37].
The masses of the mesons and baryons in the final states
are taken from the RPP [2] and have been collected in Ta-
ble V. The decay constants for K and η mesons are taken as
fK = fη = 160 MeV. For the global parameter δ, we fix its
value the same as the previous study of the strong decays of Ξ
and Ω baryons [16, 37], i.e., δ = 0.576. The strong and radia-
tive decay widths of Ω baryons up to N = 2 shell are listed in
Table VI and Table VII, respectively.
IV. DISCUSSIONS
A. 1P states
There are two 1P-wave states Ω(12P1/2− ) and Ω(1
2P3/2−)
according to the quark model classification. By analyzing the
strong decay properties with SHO wave functions, it is found
that the newly observed Ω(2012) resonance can be assigned
to the JP = 3/2− state Ω(12P3/2−) in Refs. [16, 17].
1. Ω(2012)
In this work, by using the wave function calculated from
the potential model, we reanalyze the strong decays of the
Ω(2012) state within the chiral quark model. As a candidate
of the JP = 3/2− state Ω(12P3/2−) (|70,2 10, 1, 1, 3/2−〉), both
the predicted width
Γthtotal[Ω(2012)] = 5.69 MeV, (39)
and branching fraction ratio
R = Γ[Ω(2012)→ Ξ
0K−]
Γ[Ω(2012)→ Ξ−K¯0] ≃ 1.1, (40)
8TABLE VI: The strong decay widths (MeV) of Ω baryons up to N = 2 shell. Γth
total
stands for the total decay width and B represents the ratio
of the branching fraction Γ[ΞK]/Γ[Ξ(1530)K].
Γ[ΞK] Γ[Ξ(1530)K] Γ[Ω(1672)η] Γth
total
B
n2S+1LJP Mass α(MeV) Ours Ref. [16] Ours Ref. [16] Ours Ref. [16] Ours Ref. [16] Ours Ref. [16]
12P 1
2
− 1957 428 12.43 12.64 · · · · · · · · · · · · 12.43 12.64 · · · · · ·
12P 3
2
− 2012 411 5.69 5.81 · · · · · · · · · · · · 5.69 5.81 · · · · · ·
22S 1
2
+ 2232 387 0.04 0.27 5.09 8.32 0.006 0.08 5.14 8.67 0.008 0.03
24S 3
2
+ 2159 381 0.99 4.72 5.12 8.96 · · · · · · 6.11 13.68 0.19 0.53
12D 3
2
+ 2245 394 2.49 2.52 4.27 4.24 0.055 0.06 6.82 6.82 0.58 0.59
12D 5
2
+ 2303 380 3.07 3.04 14.30 14.51 1.65 1.81 19.02 19.36 0.21 0.21
14D 1
2
+ 2141 413 39.52 39.34 2.17 2.21 · · · · · · 41.69 41.55 18.21 17.80
14D 3
2
+ 2188 399 20.25 20.26 10.93 10.92 · · · · · · 31.18 31.18 1.85 1.86
14D 5
2
+ 2252 383 5.28 5.21 21.37 21.48 0.79 0.90 27.44 27.59 0.25 0.24
14D 7
2
+ 2321 367 34.38 34.36 7.17 7.00 0.066 0.13 41.62 41.49 4.79 4.91
TABLE VII: Partial widths (KeV) of radiative decays for the Ω
baryons up to N = 2 shell.
Initial state Γ[Ω(1672)γ]
Ω(12P1/2− ) 4.68
Ω(2012) 9.52
Initial state Γ[Ω(12P1/2− )γ] Γ[Ω(2012)γ]
Ω(22S 1/2+ ) 10.16 15.71
Ω(24S 3/2+ ) 0.01 0.06
Ω(12D3/2+ ) 46.13 11.53
Ω(12D5/2+ ) 1.13 60.78
Ω(14D1/2+ ) 0.0002 0.02
Ω(14D3/2+ ) 0.99 0.02
Ω(14D5/2+ ) 0.99 1.10
Ω(14D7/2+ ) 0.01 3.99
are in good agreement with the measured width Γexp =
6.4+2.5−2.0 ± 0.6 MeV and ratio Rexp = 1.2 ± 0.3 of the newly
observed Ω(2012) state, and also are consistent with the pre-
dictions with the SHO wave functions [16]. Furthermore, we
study the radiative decay properties of Ω(2012). The partial
radiative decay width for the Ω(2012)→ Ω(1672)γ process is
predicted to be
Γ[Ω(2012)→ Ω(1672)γ] = 9.52 keV. (41)
Combining this partial width with the measured total width of
Ω(2012), we estimate the branching fraction for this radiative
decay process:
Br[Ω(2012)→ Ω(1672)γ] ≃ 1.67 × 10−3. (42)
The radiative process Ω(2012)→ Ω(1672)γmay be observed
in forthcoming experiments at Belle II. It should be mentioned
that the Γ[Ω(2012) → Ω(1672)γ] = 9.52 keV predicted in
this work is about a factor 2 smaller than the early prediction
within a nonrelativistic potential model in Ref. [58].
2. Ω(12P1/2− )
The JP = 1/2− state Ω(12P1/2−) (|70,2 10, 1, 1, 1/2−〉) might
have mass of ∼ 1950 MeV, which is about 50 MeV lower than
that of the JP = 3/2− state Ω(12P3/2− ) according to the pre-
dictions within the Lattice QCD [13] and the relativized quark
models [5, 6]. The measured ΞK invariant mass distributions
from Belle show that there is a weak enhancement around
1950 MeV [15], which may be a weak hint of JP = 1/2− state
Ω(12P1/2−). Thus, in this work, we adjust the potential param-
eters to determine the mass of Ω(12P1/2− ) with ∼ 1957 MeV.
By using this mass and the wave function calculated from the
potential model, we predict the total width ofΩ(12P1/2−) to be
Γthtotal[Ω(1
2P1/2−)] ≃ 12 MeV, (43)
which is compatible with the previous result with the SHO
wave function in the chiral quark model [16], while about fac-
tor of 4 narrower than that of the 3P0 model [17]. The to-
tal width of Ω(12P1/2− ) should be saturated by the Ξ
0K− and
Ξ−K¯0 channels. The branching fraction ratio between Ξ0K−
and Ξ−K¯0 is predicted to be
R = Γ[Ω(1
2P1/2− )→ Ξ0K−]
Γ[Ω(12P1/2− )→ Ξ−K¯0]
≃ 0.97. (44)
The narrow width and the only dominant ΞK decay mode of
the JP = 1/2− state Ω(12P1/2− ) indicate that it has a large
potential to be established as future experimental statistics in-
creases.
We further study the radiative decays of the JP = 1/2− state
Ω(12P1/2−). The partial decay width of the Ω(1672)γ channel
is predicted to be
Γ[Ω(12P1/2−) → Ω(1672)γ] ≃ 4.68 keV, (45)
which is about a factor 3 smaller than the early prediction
within a nonrelativistic potential model in Ref. [58]. Com-
bining our predictions of the radiative decay and total decay
width of Ω(12P1/2−), we obtain a branching fraction
Br[Ω(12P1/2− )→ Ω(1672)γ] ≃ 3.8 × 10−4, (46)
9which is about an order smaller than Br[Ω(2012) →
Ω(1672)γ]. Thus, the radiative decay of the JP = 1/2− Ω state
intoΩ(1672)γmay bemore difficultly observed thanΩ(2012).
B. 1D states
There are six 1D-wave states Ω(12D3/2+,5/2+) and
Ω(14D1/2+,3/2+,5/2+,7/2+) in the constituent quark model.
According to our quark model predictions (see Table I), it
is found that in these 1D-wave states the Ω(14D1/2+) has the
lowest mass of ∼ 2141 MeV, the next low mass 1D-wave
state is Ω(14D3/2+ ), whose mass is 2188 MeV. The mass
splitting between these two states, ∼ 50 MeV, predicted in
this work is obviously larger than ∼ 0 − 20 MeV predicted
in Refs. [5–8, 12, 13]. The 1D-wave states Ω(14D5/2+) and
Ω(12D3/2+ ) have a similar mass in the range of ∼ 2250 ± 10
MeV; while Ω(14D7/2+) and Ω(1
2D5/2+ ) have a similar mass
around ∼ 2300 MeV. Based on the obtained decay properties
and mass spectrum, some discussions about these 1D-wave
states are given as follows.
1. Ω(14D1/2+ )
As the lowest 1D-wave state, the Ω(14D1/2+ )
(|56,4 10, 2, 2, 1/2+〉) state may have a mass of ∼ 2141
MeV. Its decay width is predicted to be
Γthtotal[Ω(1
4D1/2+ )] ≃ 42 MeV, (47)
which is consistent with the prediction with the SHO wave
function [16]. This state dominantly decays into the ΞK chan-
nel, the decay rates into the Ξ(1530)K channel is tiny. The
branching fraction ratio between ΞK and Ξ(1530)K channels
is predicted to be
Γ[Ω(14D1/2+) → Ξ(1530)K]
Γ[Ω(14D1/2+ ) → ΞK]
≃ 5%. (48)
This JP = 1/2+ 1D-wave state might be found in the ΞK in-
variant mass spectrum around 2.14 GeV.
2. Ω(14D3/2+ )
For the next low mass 1D-wave state Ω(14D3/2+ )
(|56,4 10, 2, 2, 3/2+〉), its mass ∼ 2188 MeV is about 50 MeV
higher than that of Ω(14D1/2+ ). The Ω(1
4D3/2+) state mainly
decays into ΞK and Ξ(1530)K channels with a moderate total
width
Γthtotal[Ω(1
4D3/2+ )] ≃ 31 MeV. (49)
The branching fraction ratio between ΞK and Ξ(1530)K chan-
nels is predicted to be
Γ[Ω(14D3/2+ ) → Ξ(1530)K]
Γ[Ω(14D3/2+ )→ ΞK]
≃ 0.54. (50)
The above predictions are consistent with the previous predic-
tions with the SHOwave function [16]. To search for the miss-
ing Ω(14D3/2+), both ΞK and Ξ(1530)K channels are worth
observing.
3. Ω(12D3/2+ )
The mass of the JP = 3/2+ state Ω(12D3/2+)
(|70,2 10, 2, 2, 3/2+〉) is predicted to be ∼ 2245 MeV in this
work, which is compatible with the predictions in Refs. [7, 8].
The Ω(12D3/2+) state might be a narrow state with a width of
Γthtotal[Ω(1
2D3/2+)] ≃ 7 MeV. (51)
The Ω(12D3/2+ ) state dominantly decays into Ξ(1530)K and
ΞK channels. The partial width ratio between these two decay
channels is predicted to be
Γ[Ω(12D3/2+) → Ξ(1530)K]
Γ[Ω(12D3/2+) → ΞK]
≃ 1.7. (52)
To establish the Ω(12D3/2+) state, both the Ξ(1530)K and ΞK
final states are worth observing in future experiments.
Furthermore, it is interesting to find that the radiative de-
cay rates of Ω(12D3/2+) into Ω(1
2P1/2−)γ and Ω(2012)γ are
relatively large. The radiative partial widths are predicted to
be
Γ[Ω(12D3/2+ )→ Ω(12P1/2−)γ] ≃ 46 keV, (53)
Γ[Ω(12D3/2+) → Ω(2012)γ] ≃ 12 keV. (54)
Combining them with predicted total width ofΩ(12D3/2+ ), we
obtain the branching fractions
Br[Ω(12D3/2+) → Ω(12P1/2−)γ] ≃ 6.8 × 10−3, (55)
Br[Ω(12D3/2+) → Ω(2012)γ] ≃ 1.7 × 10−3. (56)
The radiative transitions Ω(12D3/2+ ) → Ω(12P1/2−)γ and
Ω(12D3/2+) → Ω(2012)γ might be observed in future experi-
ments.
4. Ω(14D5/2+ )
The JP = 5/2+ state Ω(14D5/2+ ) (|56,4 10, 2, 2, 5/2+〉) has a
mass of ∼ 2252 MeV. The previous study [16] suggested that
the Ω(14D5/2+ ) state might be a good candidate of Ω(2250)
listed in RPP [2]. Assigning Ω(2250) as Ω(14D5/2+), with the
wave function calculated from the potential model, its total
width is predicted to be
Γthtotal[Ω(2250)] ≃ 27 MeV, (57)
which is close to the lower limit of the measured width Γ =
55 ± 18 MeV. The strong decays of Ω(2250) are dominated
by the Ξ(1530)K mode, while the decay rate into the ΞK is
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sizeable. The partial width ratio between Ξ(1530)K and ΞK
is predicted to be
R = Γ[Ω(2250)→ Ξ(1530)K]
Γ[Ω(2250)→ ΞK] ≃ 4.0. (58)
The decay mode is consistent with the observations that the
Ω(2250) was seen in the Ξ(1530)K and Ξ−π+K− channels.
Thus, the Ω(2250) favors the assignment of Ω(14D5/2+). This
conclusion is in agreement with that obtained with a SHO
wave function in Ref. [16].
It should be mentioned that the JP = 5/2+ state Ω(14D5/2+ )
may highly overlap with the JP = 3/2+ state Ω(12D3/2+ ),
and the mass splitting between them is only several MeV in
present calculations. Thus, it may bring some difficulties to
distinguish them in experiments.
5. Ω(12D5/2+ )
The JP = 5/2+ state Ω(12D5/2+ ) (|70,2 10, 2, 2, 5/2+〉) has
a mass of ∼ 2.3 GeV according to our predictions, which is
close to the predictions in Refs. [5, 7, 8]. Its total width is
predicted to be
Γthtotal[Ω(1
2D5/2+ )] ≃ 19 MeV. (59)
TheΩ(12D5/2+ ) state dominantly decays into Ξ(1530)K chan-
nel, the decay rate into the ΞK channel is relatively small. The
partial width ratio between these two channels is predicted to
be
Γ[Ω(12D5/2+ )→ ΞK]
Γ[Ω(12D5/2+ ) → Ξ(1530)K]
≃ 0.21. (60)
The strong decay properties predicted in this work is close to
the previous results obtained with a simple harmonic oscilla-
tor wave function in Ref. [16].
Furthermore, it is interesting to find that the radiative decay
rate of Ω(12D5/2+ ) into Ω(2012)γ is large. Its radiative partial
width is predicted to be
Γ[Ω(12D5/2+ )→ Ω(2012)γ] ≃ 61 keV. (61)
Combining it with the predicted total width ofΩ(12D5/2+), we
find that the branching fraction can reach up to
Br[Ω(12D5/2+) → Ω(2012)γ] ≃ 3.2 × 10−3. (62)
The radiative decay process Ω(12D5/2+) → Ω(2012)γ might
be useful for searching for the missing Ω(12D5/2+ ) state.
6. Ω(14D7/2+ )
In this work, the JP = 7/2+ state Ω(14D7/2+ )
(|56,4 10, 2, 2, 7/2+〉) is predicted to be the highest 1D-wave
state. Its mass is estimated to be ∼ 2321 MeV, which is close
to the predictions in Refs. [5, 6]. The total width ofΩ(14D7/2+ )
is predicted to be
Γthtotal[Ω(1
4D7/2+ )] ≃ 42 MeV. (63)
This state dominantly decays into ΞK channel, the decay rate
into the Ξ(1530)K channel is relatively small. The partial
width ratio between these two channels is predicted to be
Γ[Ω(14D7/2+ )→ Ξ(1530)K]
Γ[Ω(14D7/2+) → ΞK]
≃ 0.21. (64)
It should be mentioned that the mass of Ω(14D7/2+ ) is simi-
lar to that of Ω(12D5/2+), the mass splitting between these two
states is only ∼ 18 MeV according to our predictions. By
observing the Ξ(1530)K and ΞK invariant mass distributions,
one may find two largely overlapping states around 2.3 GeV.
The Ω(14D7/2+) state mainly decays into ΞK channel, while
Ω(12D5/2+) dominantly decays into Ξ(1530)K channel.
C. 2S states
There are two 2S -wave states Ω(22S 1/2+ ) and Ω(2
4S 3/2+)
according to the quark model classification. The mass split-
ting between these two radial excitations are about 70 MeV.
With the spectrum of the 2S states calculated in this work, we
further analyze their strong and radiative decay properties, the
results have been collected Tables VI and VII.
1. Ω(22S 1/2+ )
The JP = 1/2+ state Ω(22S 1/2+) (|70,2 10, 2, 0, 1/2+〉) has a
mass of ∼ 2232 MeV according to our predictions, which is
close to the predictions in Refs. [5, 7, 8, 12]. The Ω(22S 1/2+)
state might be narrow state with a width of
Γthtotal[Ω(2
2S 1/2+)] ≃ 5 MeV. (65)
The Ω(22S 1/2+ ) state dominantly decays into the Ξ(1530)K
channel. The branching fraction ratio between ΞK and
Ξ(1530)K channels is predicted to be
Γ[Ω(22S 1/2+ )→ ΞK]
Γ[Ω(22S 1/2+) → Ξ(1530)K]
≃ 1%. (66)
Furthermore, it is interesting to find that the radiative decay
rates ofΩ(22S 1/2+) intoΩ(1
2P1/2−)γ andΩ(2012)γ final states
are relatively large. The radiative partial widths are predicted
to be
Γ[Ω(22S 1/2+ )→ Ω(12P1/2− )γ] ≃ 10 keV, (67)
Γ[Ω(22S 1/2+) → Ω(2012)γ] ≃ 16 keV. (68)
Combining it with predicted total width ofΩ(22S 1/2+ ), we ob-
tain the branching fraction
Br[Ω(22S 1/2+) → Ω(12P1/2−)γ] ≃ 1.8 × 10−3, (69)
Br[Ω(22S 1/2+) → Ω(2012)γ] ≃ 2.8 × 10−3. (70)
The radiative processes Ω(22S 1/2+ ) → Ω(12P1/2−)γ and
Ω(22S 1/2+) → Ω(2012)γ might be observed in future experi-
ments.
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2. Ω(24S 3/2+ )
The JP = 3/2+ state Ω(24S 3/2+) (|56,4 10, 2, 0, 3/2+〉) has
a mass of ∼ 2159 MeV according to our predictions, which
is close to the predictions in Refs. [5, 6, 12]. The Ω(24S 3/2+ )
state width is predicted to be
Γthtotal[Ω(2
4S 3/2+)] ≃ 6 MeV. (71)
The Ω(24S 3/2+ ) state dominantly decays into the Ξ(1530)K
channel. The branching fraction ratio between ΞK and
Ξ(1530)K channels is predicted to be
Γ[Ω(24S 3/2+ )→ Ξ(1530)K]
Γ[Ω(24S 3/2+) → ΞK]
≃ 5.2. (72)
To establish theΩ(24S 3/2+ ) state, the Ξ(1530)K invariantmass
spectrum around 2.1 − 2.2 GeV is worth observing in future
experiments.
Finally, it should be mentioned that the strong decay of
the 2S -wave states are sensitive to the details of the wave
functions. The strong decay properties in present work with
the wave functions calculated from the potential model show
some obvious differences from the results with the SHO wave
functions [16].
V. SUMMARY
In this work, combining the recent developments of the ob-
servations of Ω sates in experiments we calculate the Ω spec-
trum up to the N = 2 shell within a nonrelativistic constituent
quark potential model. Furthermore, the strong and radiative
decay properties for the Ω resonances within the N = 2 shell
are estimated by using the predicted masses and wave func-
tions from the potential model.
The Ω(2012) resonance is most likely to be the spin-parity
JP = 3/2− 1P-wave state Ω(12P3/2−). Both the mass and de-
cay properties predicted in theory are consistent with the ob-
servations. TheΩ(2012) resonance may be observed in the ra-
diative decay channelΩ(1672)γ, the branching fraction is pre-
dicted to beO(10−3). The other 1P-wave state with JP = 1/2−
is also a narrow state with a width of ∼ 12 MeV, which is
about a factor 2−3 broader than that ofΩ(2012). If more data
were accumulated, the JP = 1/2− state may be clearly es-
tablished in the Ξ−K¯0 and Ξ0K− invariant mass distributions
around 1.95 GeV.
The Ω(2250) resonance may be a good candidate for the
JP = 5/2+ 1D-wave state Ω(14D5/2+), with this assignment
both the mass and strong decay properties of Ω(2250) can
be reasonably understood in the quark model. It should be
mentioned that the JP = 5/2+ 1D-wave state Ω(14D5/2+) may
highly overlap with the JP = 3/2+ 1D-wave state Ω(12D3/2+ ).
This state might be a narrow state with a width of several
MeV and mainly decays into ΞK and Ξ(1530)K channels.
The measurements of the partial width ratio between these
two channels might be helpful to distinguish the Ω(12D3/2+)
state from the Ω(14D5/2+ ) state in experiments. Furthermore,
the Ω(12D3/2+ ) state might be established in the radiative de-
cay channel Ω(2012)γ, the predicted branching fraction can
reach up to O(10−3).
For the other 1D-wave states, it is found that both
Ω(14D7/2+) and Ω(1
4D1/2+ ) dominantly decay into the ΞK
channel with a width of ∼ 40 MeV, they may be established
in the ΞK invariant mass spectrum around 2.3 GeV and 2.1
GeV, respectively. The Ω(12D5/2+ ) state dominantly decay
into the Ξ(1530)K channel with a narrow width of 19 MeV, it
is worth to looking for in the Ξ(1530)K invariant mass spec-
trum around 2.3 GeV. The Ω(14D3/2+ ) state has a width of
∼ 30MeV, it mainly decays into both ΞK andΞ(1530)K chan-
nels. To look for this missing state, both ΞK and Ξ(1530)K
invariant mass distributions around 2.2 GeV are worth observ-
ing in future experiments.
For the 2S -wave states Ω(22S 1/2+) andΩ(2
4S 3/2+) might be
very narrow state with a width of several MeV. The mass split-
ting between these two states is about 70 MeV. They may be
established in the Ξ(1530)K invariant mass spectrum around
2.2 GeV. It should be mentioned that the strong decays of the
2S -wave states show some sensitivities to the details of the
wave functions, the strong decay properties of these 2S -wave
states predicted in this work have some differences from those
calculated with the SHO wave functions. The Ω(22S 1/2+)
state might have relatively large radiative decay rates into the
1P-wave Ω states with a branching fraction O(10−3). The
Ω(22S 1/2+) state might be established with the Ω(2012)γ fi-
nal state.
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